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For Debate

Are biochemical tests of thyroid function of any value in
monitoring patients receiving thyroxine replacement?

W D FRASER, E M BIGGART, D ST J O'REILLY, H W GRAY, J H McKILLOP,
J A THOMSON

Abstract
To establish their role in monitoring patients receiving thyroxine
replacement biochemical tests of thyroid function were per-
formed in 148 hypothyroid patients studied prospectively.
Measurements of serum concentrations of total thyroxine,
analogue free thyroxine, total triiodothyronine, analogue free
triiodothyronine, and thyroid stimulating hormone, made with a
sensitive immunoradiometric assay, did not, except in patients
with gross abnormalities, distinguish euthyroid patients from
those who were receiving inadequate or excessive replacement.
These measurements are therefore of little, if any, value in

monitoring patients receiving thyroxine replacement. To stop
doing thyroid function tests in these cases would result in
considerable savings nationally in the cost of reagents in
laboratories using commercial kits.

Introduction
The development and application of free thyroid hormone assays'
and sensitive thyroid stimulating hormone assays2 during the past
five years has led to the reappraisal of the best biochemical tests of
thyroid function in different disease states. There is considerable
controversy over which tests should be used to monitor patients
receiving thyroxine replacement for primary hypothyroidism, in
whom the detection of over-replacement poses a problem. Different
authors have claimed that over-replacement is best detected by
measuring the serum concentration of total thyroxine,' total triiodo-
thyronine,4 free thyroxine,' or free triiodothyronine.6 The value of
some of these tests has been questioned,78 while others have
recommended measuring both thyroid stimulating hormone, using
a sensitive method, and free triiodothyronine."'° Euthyroid patients
receiving thyroxine replacement have higher serum thyroxine and
free thyroxine concentrations than normal euthyroid subjects. This
is not so for serum triiodothyronine and free triiodothyronine
concentrations.61'

This study was undertaken to establish a reference range for
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thyroid function tests in patients receiving thyroxine replacement
and to try to select the best test or combination of tests to monitor
treatment.

Patients and methods
A prospective study was carried out in 148 hypothyroid patients (with

primary hypothyroidism or after radioiodine treatment or thyroidectomy)
attending a thyroid outpatient clinic. There were 131 female and 17 male
patients aged, respectively, 14-89 (mean (SD) 52-9 (15 1)) years and
18-75 (52-6 (13-6) years. They had been taking thyroxine replacement for
more than three months, and none was taking drugs known to interfere with
thyroid hormone metabolism, protein binding, or the assays used. The
prescribed daily dose of thyroxine varied from 50 to 300 [ig (mean 124-6
(49 5)). The patients were classified as clinically euthyroid, hyperthyroid, or
hypothyroid by the examining physician after a full history and clinical
examination and with use of a modified Wayne clinical diagnostic index.'3
The clinical assessments were carried out by three consultants and a
registrar, who were experienced in thyroid disease. Subsequently blood
samples were taken between 0900 and 1130 and the serum stored at -200C
before assay.

Total thyroxine and triiodothyronine concentrations were measured by in
house radioimmunoassay and thyroid stimulating hormone by an in house
immunoradiometric assay using antisera obtained from the Scottish
Antibody Production Unit, Carluke ML8 5ES. The detection limit for the
assay of thyroid stimulating hormone is 0-1 mU/l.14 Analogue free thyroxine
and free triiodothyronine were measured using Amerlex kits (Amersham
International).

Results
On clinical examination, supported by the Wayne index, 108 patients

were judged to be euthyroid, 22 to be hyperthyroid, and 18 to be
hypothyroid. Table I shows the results of biochemical tests in these three
groups.
To test whether individual clinicians showed bias in diagnosing hypo-

thyroidism or hyperthyroidism the distribution of the Wayne index scores
assigned to patients by each of the four clinicians was examined by Kruskal-
Wallis analysis of variance. There was no significant difference in the four
median scores (figure).
The mean dose of thyroxine received by patients who were hyperthyroid

was higher (137 (42) fig) but not significantly different from the dose
received by patients who were euthyroid (128 (50) [ug). Hypothyroid
patients received a significantly lower dose (88 (38) Rg) than euthyroid
patients (p<0-01). There was no significant difference in the mean age of the
patients in each clinical group.

Table II shows the conventional reference ranges and new reference
ranges for euthyroid patients receiving thyroxine (95% confidence intervals
of the cumulative frequency distribution). Table III shows the number of
patients in each clinical group who were misclassified by the conventional
and new reference ranges. Thyroid stimulating hornone spas undetectable
by the sensitive assay-that is, below 0-1 mU/I-in 34 of the euthyroid
patients, nine of the hyperthyroid patients, and three of the hypothyroid
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patients. Thyroid stimulating hormone concentration was raised in
21 euthyroid patients (range 5 0-19 7 mU/I) and four hyperthyroid patients
(range 50-114 mU/1).

Table IV shows the diagnostic sensitivity, specificity, and false positive
rate" for each test, calculated using the conventional and new reference
ranges.

FOLLOW UP OF PATIENTS

In 10 clinically euthyroid patients the thyroid stimulating hormone
concentration was >10 mU/I. At a subsequent follow up clinic when the
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routine biochemical results were available (total thyroxine, total tri-
iodothyronine, and thyroid stimulating hormone; free thyroxine and free
triiodothyronine were not reported routinely) the examining physician still
considered that eight of the patients should continue to take the same dose of
thyroxine. In two patients the dose was increased, in one on the basis of the
biochemical findings (thyroxine 88 nmol/l (6 8 [tg/100 ml); triiodothyronine
1-3 nmol/l (0-8 ng/ml); thyroid stimulating hormone 14-0 mU/1) and in the
other, who had Pendred's syndrome, to suppress a goitre (thyroxine
74 nmol/l (5 8 Rg/100 ml); triiodothyronine 1-3 nmol/l (0-8 ng/ml); thyroid
stimulating hormone 14 3 mU/l).
Three of the 22 patients who were clinically over-replaced had been

treated for thyroid carcinoma and were being maintained on a high dose of

TABLE i-Results of biochemical thyroidfunction tests in 148 treated hypothyroid patients

Lruthyroid patients (n= 108 Hyperthyroid patients (n=22) Hypothyroid patients (n= 18)

Mean (SD) Range Mean (SD) Range Mean (SD) Range

Total thyroxine (nmol 1) 134 (32) 48-236 175 (59) 94-300 95 (34) 43-156
Free thyroxine (pmot 23 (7) 8-41 37 (20) 15-95 17 (8) 7 39
Total triiodothyronine(nmol,1) 1904 1 3-31 21 (04' 1-4-3-3 17 (04' 1-0-293
Freetriiodothvronine (pmoll) 55(1-5u 2-1-12-3 69(19V; 36-11-4 42(1-4 2-1-64
Thyroid stimulating hormone* (mU 1) <01 19 7 <0 1-14 4 <0 1-123-5

*Thyroid stimulating hormone was undetectable (<0- 1 mU 1) in 34 euthyroid, nine hyperthyroid, and three hypothyroid patients, so the mean was not
calculated.

Conversion: SI to traditional units-Total thyroxine: 1 nmol170-08 ig 100 ml. Free thyroxine: 1 pmoll108 pg ml. Total triuodothvronine:
I nmol 1--0-65 ng ml. Free triiodothyronine: 1 pmol1l= 065 pg ml.

TABLE II-Reference ranges for thyroidfunction tests

Total thyroxine (nmol 1)
Free thyroxine (pmol.
Total triiodothyronine (nmol'l)
Free triiodothyronine (pmol l)
Thyroid stimulating hormone (mU/1)

Conventional
range

55- 144
9-25

09-2-8
2-9-8-9

0-35-5-0

Range for
patients receiving thyroxine

90-195
12-36
1 3-2-7
3 0-8-6

<0-1-13-7

Conversion: SI to traditional units-Total thyroxine: 1 nmol/1-0-08 ig/100 ml. Free
thyroxine: 1 pmol, 0 8 pg/ml. Total triiodothvronine: 1 nmol 1-065 ng ml. Free
triiodothyronine: I pmol'l 0-65 pgml.

thyroxine. Two patients were maintained on their original dose as their
biochemical findings were "normal." One patient died of a stroke before the
dose of thyroxine could be reduced, but in this case the biochemical findings
would have been compatible with a euthyroid state. Two patients were lost
to follow up. Of the 14 remaining patients, whose dose of thyroxine was

reduced, 12 were maintained on a lower dose. The remaining two patients
felt unwell with the reduced dose and reverted to their original dose. In these
two patients the biochemical results were thyroxine 204 nmol/l (15 9 Ig/100
ml), triiodothvronine 3-3 nmol/l (2-1 ng/ml), and thyroid stimulating
hormone <0-1 mU/1 and thyroxine 135 nmol/l (10-5 [tg/100 ml), triiodo-
thvronine 2 4 nmol/l (1-6 ng/ml), and thyroid stimulating hormone
0-1 mU/I, respectively.

TABLE IIi-Numbers of patients misclassified by conventional and new reference ranges (figures are numbers ofpatients falling below and above
ranges)

Euthyroid patients (n= 108) Hyperthyroid patients (n=22) Hypothyroid patients (n 18)

Conventional range New range Conventional range New range Conventional range New range

Below Above Below Above Below Above Below Above Below Above Below Above

Total thyroxine 1 33 3 3 0 14 0 7 4 1 8 0
Free thvroxine 1 34 1 5 0 15 0 9 3 2 8 1
Total trilodothyronine 0 1 3 3 0 2 0 2 0 0 3 0
Free truiodothvronine 1 3 1 4 0 4 0 5 0 4 4 0
Thvroid stimulating hormone 53 21 0 6 13 4 0 1 3 13 0 7

TABLE iv-Diagnostic sensitivity, specificity, and false positive rate of thyroid function tests

Sensitivity (%o Specificity (%) False positive rate (%)

Test Hyperthyroid patients Hypothyroid patients Hyperthyroid patients Hypothyroid patients Hyperthyroid patients Hypothyroid patients

Conventional reference range
Total thyroxine 64 22 69 99 70 20
Free thyroxine 68 17 69 99 69 25
Total truiodothyronine 9 99 33
Free triuodothyromlne 18 - 97 - 43
Thyroid stimulating hormone 59 72 51 80 80 63

Neu, reference range
Total thyroxine 32 44 9 96 30 33
Free thyroxine 41 44 95 99 36 12
Total triiodothyronine 9 17 97 60 67
Free triiodothyronine 23 22 96 99 44 20
Thyroid stimulating hormone - 39 - 94 - 50
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Two of the 18 patients who were clinically hypothyroid had angina, and it
was considered that their dose should not be increased. In another patient
the dose was increased but subsequently decreased because of worsening
angina. One patient was non-compliant when the dose was increased as she
felt anxious and sweaty, and she was maintained on the original dose. One
patient with a thyroid stimulating hormone concentration of 58 mU/l died
before she was seen at a follow up clinic. One patient was maintained on the
original dose because of the biochemical results (thyroxine 116 nmol/l
(9-0 [tg/100 ml), triiodothyronine 1-5 nmol/l (1-0 ng/ml), and thyroid
stimulating hormone 11-0 mU/l). The remaining 12 patients were main-
tained on increased doses.
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Distribution of modified Wayne index scores assigned to patients by the four
examining clinicians. Horizontal bars represent median scores.

Discussion

Our major assumption in this paper is that the clinical assessment
of patients receiving thyroxine replacement by doctors experienced
in thyroid disease is correct. We tried to establish the role of
biochemical measurement of thyroid hormone concentrations in
helping in this diagnosis.
At present there is no variable that can readily be measured

satisfactorily to assess the end organ response to thyroid hormone
action in patients receiving thyroxine replacement. The serum
concentration of thyroid stimulating hormone is unsatisfactory as
the thyrotrophs in the anterior pituitary are more sensitive to
changes in the concentration of thyroxine in the circulation than
other tissues, which rely more on triiodothyronine.'6
Our data indicate that the reference ranges for serum total

thyroxine, analogue free thyroxine, and thyroid stimulating
hormone in patients receiving thyroxine replacement are different
from conventional reference ranges. It is clear from table IV,
however, that serum thyroid hormone and thyroid stimulating
hormone concentrations cannot be used with any degree of con-
fidence to classify patients as receiving satisfactory, insufficient, or
excessive amounts of thyroxine replacement. There is little dif-
ference between the ability of concentrations of total and analogue
free thyroxine to detect over-replacement; the poor diagnostic
sensitivity and high false positive rate associated with such measure-
ments render them virtually useless in clinical practice. Concentra-
tions of total triiodothyronine, analogue free triiodothyronine, and
thyroid stimulating hormone are also incapable of satisfactorily
indicating over-replacement. The tests perform equally badly in
detecting under-replacement.
A question that remains to be answered convincingly is whether it

is clinically necessary to measure thyroid hormone concentrations in
patients receiving thyroxine replacement. The standard replace-
ment dose in Europe and America was 200-400 [tg a day until 1973,
when it was halved to 100-200 [tg a day on the basis of biochemical
measurements of thyroid hormone concentrations.'7 "1 We are not
aware ofany study that has shown that this reduction in the standard
dose has had any clinically beneficial effects. Different groups have
shown changes in sodium metabolism,'9 hepatic enzyme activity in
serum, and systolic ejection time intervals' in patients receiving
high doses of thyroxine, but such measurements have not been
shown to be of any relevance to patient care.
We consider that biochemical tests of thyroid function are of

little, if any, value clinically in patients receiving thyroxine
replacement. Most patients are rendered euthyroid by a daily dose
of 100 or 150 ,tg of thyroxine. Further adjustments to the dose
should be made according to the patient's clinical response. In our
laboratory 36% of all thyroid function tests are performed to
monitor thyroxine replacement. To stop doing these tests in such
patients would cause considerable saving in the costs of reagents in
laboratories using commercial kits.
Our findings emphasise the need for laboratories to make their

users aware that the reference ranges for serum thyroxine, free
thyroxine, and thyroid stimulating hormone concentrations in
patients receiving thyroxine replacement are considerably different
from the conventional ranges; they should also point out the
limitations of these ranges. This is especially important for general
practitioners and non-specialists, who generally rely on the bio-
chemical findings more than specialist endocrinologists do in
managing these patients. The conclusions in this paper also have
major implications for schemes such as the Scottish Automated
Follow-Up Registry,2" which relies on results of thyroid function
tests in assessing patients treated by radioiodine or thyroid surgery.
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